Background: To identify the microorganisms that can grow rapidly in total parenteral nutrition (TPN) solutions, we investigated the growth of the major causes of catheter-related blood stream infection (Staphylococcus aureus, Serratia marcescens, Bacillus cereus, and Candida albicans) in TPN solutions containing lipid. Methods: The pH value of a TPN solution containing lipid (pH 6.0, containing 20 ppm of NaHSO 3 ) was adjusted by the addition of HCl to 5.7, 5.4, or 4.9. The pH value of another TPN solution (pH5.5, containing 400 ppm of NaHSO 3 ) was adjusted by the addition of NaOH to 5.9, 6.3, or 6.8. A specific number of each microorganism was added to 10 mL of each test solution and incubated at room temperature. The number of microorganisms was counted as colony forming units at 0, 24, and 48 hrs later. Results: C albicans increased similarly at any pH values in the TPN solution. The bacterial species also increased rapidly at pH6.0 in the solution containing 20 ppm of NaHSO 3 , but growth was suppressed as the pH value was reduced, with growth halted at pH4.9. However, these bacterial species did not increase, even at pH5.9, in the other solution containing 400 ppm of NaHSO 3 . Conclusions: These results suggest that Candida species can grow rapidly in almost all TPN solutions regardless of the acidity, lipid, and NaHSO 3 ; also, some bacterial species may grow in TPN solutions containing lipid unless the pH value is 5.0 or less. Therefore, each TPN solution should be examined whether or not the bacterial species can proliferate.
INTRODUCTION
Catheter-related blood stream infection (CRBSI) is one of the most common complications of intravenous catheters. [1] [2] [3] To reduce or prevent CRBSI, factors that enhance or inhibit microbial growth in parenteral solutions should be investigated and identified. Total parenteral nutrition (TPN) solutions are considered to be relatively good growth media for microorganisms, 1, 4 whereas a number of investigators have shown that TPN solutions are poor growth media for most microorganisms that cause CRBSI, with the exception of Candida species. [5] [6] [7] [8] [9] Likewise, we have previously confirmed that while bacterial species do not grow in TPN solutions without lipid, Candida species grow rapidly. 10 Our data have shown that bacterial species cannot grow due to the acidity, but Candida species can grow regardless of the acidity. 10 In contrast, most microorganisms grow rapidly in commercial lipid emulsions, [11] [12] [13] [14] [15] and sporadic CRBSI and outbreaks have been traced to contaminated lipid emulsion. 16, 17 Because lipid emulsions have been shown to contribute to the rapid growth of most microorganisms that cause CRBSI, it can be assumed that TPN solutions containing lipid promote the microbial growth compared with TPN solutions without lipid. 18 Consequently, the Center for Disease Control and Prevention (CDC) has recommended that when any infusion solutions containing lipid are administered, the entire delivery system such as the administration set be replaced every 24 hours. 19 As the major causes of CRBSI, Staphylococcus aureus, Staphylococcus epidermidis, Serratia marcescens, Escherichia coli, Klebsiella pneumonia, Candida albicans, etc. were shown. 2, 3, 6, 11 Furthermore, blood stream infection outbreaks of Bacillus cereus via intravenous line were recently reported in Japan. 20 In the present study, we investigated the growth in TPN solutions containing lipid of the same microorganisms studied previously: 10 ie, Staphylococcus aureus as a delegate of gram positive cocci, Serratia marcescens as a delegate of gram negative rods, Bacillus cereus as a delegate of gram positive rods, and Candida albicans as a delegate of fungi. To clarify whether the acidity of TPN solutions suppresses microbial growth in the presence of lipid, the growth of all strains employed were investigated at various pH values in a commercial TPN solution containing lipid in the first experiment. To identify which factors enhance or inhibit the growth of each microorganism, we supplemented a TPN solution containing lipid with multivitamins, supplemented a TPN solution that did not contain lipid with lipid, and increased the bisulfite concentration in a TPN solution containing both lipid and multivitamins in the following experiments. 
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DISCUSSION
To reduce or prevent catheter-related blood stream infection (CRBSI), we have to understand the growth properties of the microorganisms that cause this condition. We have previously investigated the growth of the microorganisms that are known as the major causes of CRBSI (Staphylococcus aureus, Serratia marcescen, Bacillus cereus and Candida albicans) in total parenteral nutrition (TPN) solutions without lipid. 10 Therefore, we investigated the growth of the same microorganisms in TPN solutions containing lipid in the present study.
In a commercial TPN solution containing lipid (ML), both standard strains and clinical isolates of all microorganisms (S. aureus, S. marcescens, B. cereus and C. albicans) increased rapidly at the original pH of 6.0, even without multivitamins. Although only C. albicans increased equally at any pH value, the growth of S. aureus, S. marcescens and B. cereus was suppressed as the pH value was reduced, with growth halted at pH4.9 (Experiment 1). However, these 3 bacterial species did not increase in another TPN solution containing lipid (L+AT1V) even at pH5.5 and pH5.9 (Experiment 3), which is the same result as obtained in the solution without lipid (AT1V or S+AT1V); this finding conflicts with the results of Experiment 1. The conflicting results from these 2 TPN solutions may be attributable to the difference in the bisulfite concentrations (ML contains NaHSO 3 at a very low concentration [20 ppm ], but L+AT1V contains NaHSO 3 at a relatively high concentration [400 ppm]) because the bactericidal effect of bisulfite is enhanced in acidic conditions. 21 Therefore, the additional experiment (Experiment 4) was performed to investigate the effect of bisulfite concentration in the TPN solution containing both lipid and multivitamins (MLV). As a result, the growth of the 3 bacterial species was suppressed or halted at the same pH (5.4 or 5.7) as the concentration of NaHSO 3 increased (20 ppm, 100 ppm, and 200 ppm). These results suggest that the concentration of bisulfite in TPN solutions is an important factor for suppressing bacterial growth, especially between pH5.0 and pH6.0: the bacterial species cannot increase at pH5.9 with 400 ppm of NaHSO 3 , at pH5.7 or pH5.4 with 200 ppm of NaHSO 3 , and at pH5.0 with 20 ppm of NaHSO 3 .
Other findings in the present study are as follows: 1) even if lipid is contained, the acidity of TPN solution is the critical factor suppressing the bacterial growth; 2) the addition of lipid enhances mildly the growth of the bacterial species in TPN solutions but does not affect the growth substantially; 3) the addition of multivitamins further enhances the growth of S. aureus but does not affect the growth of S. marcescens, B. cereus, and C. albicans in TPN solutions containing lipid; 4) C. albicans can grow regardless of acidity, bisulfite, and lipid.
Because C. albicans could grow at pH5.5 with 400 ppm of NaHSO 3 (AT1V) in our previous study, 10 the effect of bisulfite concentration on the growth of C. albicans was not investigated in the present study. However, it has been reported that C. albicans could not increase in a TPN solution at pH4.4 with 500 ppm of NaHSO 3 , whereas C. albicans increased in the same TPN solution at pH4.4 with 40 ppm of NaHSO 3 or at pH5.0 with 500 ppm of NaHSO 3 . 23 Practically, Candida species can grow rapidly in almost all TPN solutions.
The pH values of most of the recent TPN solutions are within 5.0 and 6.0, similar to the old TPN solutions. On the other hand, the old TPN solutions contain bisulfite at relatively high concentrations, but the recent TPN solutions contain very low concentrations of bisulfite or are bisulfite-free. To investigate bacterial growth in the recent TPN solutions, referring to results from the studies that used the old TPN solutions that contained high concentration of bisulfite is not appropriate, even at the same pH range. In the recent TPN solutions containing lipid, some bacterial species may proliferate unless the pH value is 5.0 or less. Although the TPN solutions containing lipid can be theoretically improved to be bacteriostatic by reducing the pH value and/or increasing the bisulfite concentration, more studies seem needed to improve the solution because lipid emulsions become unstable as the pH value reduces or as the concentration of bisulfite increases.
In conclusion, Candida species can grow rapidly in almost all TPN solutions regardless of the acidity and the presence of lipid; also, some bacterial species may grow in TPN solutions containing lipid unless the pH value is 5.0 or less. Therefore, each TPN solution should be investigated to determine whether or not the bacterial species can proliferate.
